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PREFACE 


Tue Report of Committee III on Protection against X-Rays up to Energies of 3 MeV 
and Beta- and Gamma-Rays from Sealed Sources is the result of the work of the 
Committee during and after the regular meeting in Geneva in 1956. Since 1956, 
some members of the Committee have met in New York in 1958, and the report has 
been reviewed at meetings in Geneva 1958 and Munich 1959. The report indicates 
the requirements necessary for ensuring adequate protection in the various uses 
of the radiations to which it relates. In respect of industrial applications, the report 
is in conformity with the 1958 revision of Chapter XI. Section 2, of the Model Code of 
Safety Regulations for Industrial Establishments published by the International 
Labour Office. 

The co-operation of the 1958 Publication Committee is gratefully acknowledged. 
The Committee also greatly appreciates the assistance of Mr. Lars Lorentzon in 
collecting and preparing the Appendix material and the help of Dr. L.-E. Larsson 
who assisted the Publication Committee in the Editorial preparation of the report. 

The 1956-1959 Membership of the Committee was as follows: 


R. G. JAEGER, Chairman F. GAUWERKY 
E, E. Smiru, Vice-Chairman H. Hoiruusen 
S. BENNER P. RonnE 

J. BoucHarp D. J. STEVENS 
C. B. BRAESTRUP H. O. Wycxorr 
B. CoMBEE J. Zaxovsky 

CQ. GARRETT A. ZUPPINGER 


Technical Secretary: W. HUBNER 


Also contained in this publication is a reprint of the Recommendations of the 
International Commission on Radiological Protection (September 9, 1958) (I.C.R.P. 
Publication 1) together with an addendum which was adopted in July 1959 and 
which consists largely of explanatory statements and amendments to the 1958 
Recommendations. The Report of Committee ITI is in conformity with both the 
1958 Recommendations and the 1959 Amendments. 


Chairman Committee III R. G, JAEGER 
Vice-Chairman Committee ITI E. E. Smrru 
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REPORT OF COMMITTEE III 
ON . 
PROTECTION AGAINST X-RAYS UP TO ENERGIES OF 
3 MeV AND BETA- AND GAMMA-RAYS 
FROM SEALED SOURCES 


A. INTRODUCTION 


(1) In this report, which is based upon the codes of practice in operation in 
various countries, the main emphasis has, in accordance with the Commission’s 
policy, been placed on the basic requirements of radiation protection, leaving the 
expansion of detailed technical requirements, to national committees. It has, 
however, been considered desirable to add an appendix containing certain graphs, 
tables and examples from which the necessary numerical values for radiation 
protection can be obtained. 

(2) It will be noted that the upper limit for this report has been extended to 
3 MeV. This value is regarded by the International Commission on Radiological 
Units and Measurements (ICRU) as the upper limit of the energy range over which 
the réntgen should be used. It therefore provides a logical division between the 
scope of Committees III and IV. 

(3) In addition to the revision of the previous report (1 December 1954), sections 
have been added on the use of sealed beta- and gamma-ray sources, including 
gamma-ray beam equipment. The sub-section on X-ray analysis equipment has 
been considerably expanded. 

(4) The maximum permissible doses which are recommended for external 
radiations are given in Section C of ICRP Publication 1 as amended and reprinted 
on pages 61-84 in this book. For the purposes of this Report, the organ or tissue 
dose in rads (or rems) is assumed to be numerically equal to the exposure dose in 
réntgens measured in air. 

(5) In view of the increasing use of radiation and of radiation producing 
equipment, it is now regarded as essential to consider not only radiation workers 
and patients, but also all other persons in the vicinity. Such persons are considered 
by the Commission to constitute special groups for whom lower maximum permissible 
levels have been recommended. These lower levels necessitate increased protection 
for some radiation installations, particularly those adjacent to living or other 
accommodation which may be occupied by the same persons for a considerable 
fraction of the entire week. 

(6) It should be stressed that recommendations for the installation and operation 
of X-ray equipment, or for dealing with radioactive materials, are not in themselves 
sufficient to guarantee adequate protection. Such protection depends largely on the 
expert knowledge of the staff and on their co-operation in carrying out the instruc- 
tions prepared by their supervisor in the interests of radiation protection. 
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(7) The responsibility of the head of the department for the provision of working 
conditions in accordance with any regulations, recommendations or codes of practice 
on radiation protection in operation in his own country has been dealt with in 
Section D of ICRP Publication 1. He shall also be responsible for ensuring that all 
instructions and operating conditions specified in the radiation survey report are 
complied with. 

(8) The head of the department shall ensure that adequate medical examinations 
and radiation monitoring of personnel are carried out, as recommended in Section 
D of ICRP Publication 1. 

(9) It is the duty of the workers, upon the instruction of a qualified expert or 
responsible supervisor, to follow the recommendations and instructions which have 
been drawn up in the interests of radiation protection; further, to use the protective 
devices provided for their welfare, and to bring to the notice of those in charge any 
defect that has been revealed. 

(10) The genetic consequences of the medical uses of ionizing radiations have 
received much consideration recently and the importance of avoiding unnecessary 
exposure of patients has been stressed. Attention is therefore drawn to those 
recommendations which have the purpose of limiting this exposure. 

(11) The radiological examination of human beings for non-medical purposes is 
undesirable and is not recommended. Examples of such examinations are shoe- 
fitting and anti-crime fluoroscopy. 

(12) Further consideration has been given to the emission of X-rays from tele- 
vision equipment, and a reduction in the maximum permissible dose-rate close to 
the surface of home television sets has been recommended. This revision is required 
to limit the genetic dose to the population, in view of the widespread use of television. 
Most of the current types of home television receiver already comply with the new 
lower limit. Other types of television equipment have also received consideration 
in this report. 

(13) In the previous report, reference was made to the question of introducing 
a radiation certificate upon which all doses of radiation received by a person from 
medical exposure to ionizing radiations are recorded. This question has been 
extensively studied jointly by the ICRP and the ICRU and the conclusion was 
reached that “‘the systematic recording and registration of the radiation received by 
every member of the population is not recommended”’.* 


B. DEFINITIONS 


(14) For the purposes of this report the following definitions are given: 
Attenuation: decrease in dose rate of radiation in passing through a material. 


(1) Narrow beam attenuation: attenuation obtained under conditions 
designed effectively to prevent the inclusion of scattered radiation in the 
transmitted beam. 


* “Exposure of Man to Ionizing Radiation Arising from Medical Procedures’. A report of the 
ICRP-ICRU, 1957. Physics in Medicine and Biology, p. 107, 2, 1957. 
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(2) Broad beam attenuation: attenuation obtained under such conditions 
that the maximum amount of scattered radiation is included in the trans- 
mitted beam. 


Collimation: the limiting of a beam of radiation to the required dimensions. 


Half-value layer (HVL): the thickness of a specified absorbing material 
which, when introduced into the path of a beam of radiation, reduces the dose-rate 
to one-half of its original value. 


Ionizing radiation: see Radiation 


Lead equivalent: the thickness of lead, which, under specified conditions of 
irradiation, affords the same protection as the material under consideration. The 
lead equivalent of a substance, such as lead-glass or lead-rubber, which attenuates 
the radiation essentially by its lead content, is largely independent of the quality of 
the radiation. The lead equivalent of all other protective materials and also building 
materials for protective walls (concrete, brick, etc.) and barium protective glass 
show a dependence on the quality of the radiation. 

Occupancy factor: the factor by which the work-load should be multiplied to 
correct for the degree or type of occupancy of the area in question. This factor may 
be based in general on the degree of occupancy averaged over a year. 

Primary protective barrier: Barrier sufficient to attenuate the useful’ beam 
to the required degree. 

Protective source housing: enclosure for one or more sealed sources, which 
limits the leakage radiation to a specified level. 


Teletherapy protective source housing: housing so constructed that 
(A) With the beam control mechanism in the “orr’’ position, 

(a) at 1 metre from the source, in any direction, the maximum dose-rate 
of the leakage radiation does not exceed 10 mr/h nor does the average 
dose-rate exceed 2 mr/h, and 

(b) at 5 cm from the housing surface, in any readily accessible position, the 
respective dose-rates 
(1) do not exceed 10 times the above values in the case of housings for 

sources with a useful beam dose-rate of more than 100r/h at 1 
metre from the source, 

(2) do not exceed 20 times the above values in the case of housings for 
sources with a useful beam dose-rate of less than 100 r/h at 1 metre 
from the source. 

(B) With the beam control mechanism in the “‘on’’ position, 

(a) in the case of housings for sources with a useful beam dose-rate of more 
than 100 r/h at 1 metre from the source, 

(1) the maximum dose-rate of the leakage radiation at a source distance 
of 1 metre does not exceed either 1 r/h or 0.1 per cent of the useful 
beam dose rate at | metre from the source, whichever is the greater 
and 

(2) adjustable beam defining diaphragms do not allow the transmission 
of more than 5 per cent of the useful beam dose-rate. 
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(b) in the case of housings for sources with a useful beam dose-rate of less 
than 100 r/h at 1 metre from the source no values are recommended 
but in the design and use of such housings, consideration shall be given 
to minimizing the integral dose to the patient from leakage radiation. 

Industrial protective source housing: housing so constructed that with the 

beam control mechanism in the “‘orr’’ position, the dose rate conforms to the 

requirements of (A, a) and (A, b, 1) of the specification for teletherapy protective 
source housing. The protection to be afforded in the “‘on”’ position is determined 
by operational requirements. 

Protective tube housing: housing which surrounds the X-ray tube itself, or 
the tube and other parts of the X-ray apparatus (for example, transformer) and 
limits the major portion of the radiation emerging from the tube to the “useful 
beam”. Each protective tube housing shall have its type marked upon it. 

Diagnostic-type protective tube housing: housing so constructed that at 

every specified rating of the X-ray tube the leakage radiation at a focal distance 

of 1 metre does not exceed 100 mr in 1 hour. 

Therapeutic-type protective tube housing: housing so constructed that at 

every specified rating of the X-ray tube the leakage radiation at a focal distance 

of 1 metre does not exceed 1 réntgen in | hour, nor 30 r in 1 hour at any point 
accessible to the patient at a distance of 5 cm from the surface of the housing or 
its accessory equipment. 

Radiation (ionizing radiation): electromagnetic radiation (X-ray or y-ray 
photons or quanta), or corpuscular radiation («-particles, f-particles, electrons, 
positrons, protons, neutrons and heavy particles) capable of producing ions. 

(1) Primary radiation: 

(a) X-rays: radiation coming directly from the target of the X-ray tube. 
Except for the useful beam, the bulk of this radiation is absorbed in the 
tube housing. 

(b) B- and y-rays: radiation coming directly from the radioactive source. 

(2) Secondary radiation: radiation, other than the primary radiation, 

emitted by irradiated matter. 

(3) Scattered radiation: 

(a) Side scattered radiation: radiation which is scattered in directions 
approximately at right angles to the direction of the primary beam. 

(b) Back scattered radiation: radiation which is scattered in directions 
approximately opposite to the direction of the primary beam. 

(4) Useful beam: That part of the primary and secondary radiation which 

passes through the aperture, cone or other device for collimation. 

(5) Leakage radiation: All radiation, except the useful beam, coming from 

the tube or source housing. 

(6) Stray radiation: Radiation other than the useful beam. It includes 

leakage radiation and secondary radiation. 

Sealed source: A discrete amount of radioactive material within a tight, firm 
and inactive enclosure which effectively prevents the loss of radioactive substance 
during routine use. In the presence of gaseous radioisotopes (e.g. emanation) a 
source would be regarded as sealed only if the enclosure is gastight. 
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Secondary protective barrier: Barrier sufficient to attenuate the stray 
radiation to the required degree. 

Shall: necessary to guarantee adequate protection against radiation. 

Should (is recommended): to apply, whenever practicable, in the interests of 
minimizing dangers. 

Specific gamma-ray emission (specific gamma-ray output) of a radio- 
active nuclide: the product of the exposure dose-rate produced by the unfiltered 
gamma radiation from a point source and the square of the distance to that source, 
divided by the activity of the source. Units of specific gamma-ray emission may be, 
for example, 

rm rcm? 
ch’ mch 


Tenth-value layer (TVL): the thickness of a specified absorbing material 
which, when introduced into the path of a beam of radiation, reduces the dose-rate 
to one-tenth of its original value. 

Use factor: the fraction of the work-load during which the useful beam is 
pointed in the direction under consideration. : 

Work-load: a measure in suitable units of the amount of use of radiation 
equipment. For the purpose of this report the work-load is expressed in mA: min 
per week for X-ray sources and réntgens per weck at | metre for gamma-ray sources. 


C. PLANS FOR INSTALLATIONS USING X-RAYS AND 
SEALED GAMMA-RAY SOURCES* 


(15) Plans for new installations using X-rays and sedled gamma-ray sources or 
for modifications of existing installations involving structural shielding should be 
reviewed by the appropriate protection organization or a qualified expert before 
building is commenced. 

(16) Protection can be achieved by distance and by protective barriers. Where 
the cost of protective barriers becomes an important consideration, as, for example, 
with gamma-ray beam and high-voltage X-ray equipment, the location of the 
installation with respect to other occupied space may permit economies to be 
effected. In special cases, the distance involved may be such as to permit the barrier 
thicknesses to be reduced to zero. ‘These distances, based on various assumed 
exposure conditions in the direction of the useful beam, are indicated in Figs. 21 and 
22 of the Appendix. 

(17) Figures 6 to 19 of the Appendix provide basic absorption data for the 
computation of protective barrier thicknesses. Examples of barrier thicknesses 
required are given in Tables IV to VII of the Appendix. 

(18) In computing the protection required against the useful beam, a qualified 
expert should consider whether or not to allow for the attenuation provided by the 
patient, phantom or other removable object. 

(19) Protection against stray radiation requires smaller barrier thicknesses than 
would be necessary for the corresponding useful beam. Accordingly, the amount of 


* Sealed beta-ray sources are dealt with in paragraphs (121) to (132). 
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structural protection required in any instance can be appreciably reduced by using 
protective tube and source housings and imposing restrictions on the orientation of 
the useful beam. Data for computing the thicknesses of secondary protective 
barriers are given in the Appendix. 

(20) In the planning of a radiation installation, account should be taken of the 
expected work-load of the equipment, use factors of the barriers and the occupancy 
factor of the adjacent areas. Allowance should be made for possible future increases 
in these factors, such as increase in the output of the machine, modifications in 
technique and increase in the degree of occupancy of surrounding areas. 

(21) There should be no unnecessary openings from the radiation room to 
occupied space, and where openings are required their size should be limited to what 
is necessary. 

(22) In designing the structural protection, consideration should be given to the 
possibility of multiple exposure from several different X-ray tubes and other sources 
of radiation. 

(23) In all protective barriers, care should be taken to ensure that the protection 
is not reduced at joints, nails, bolts, etc. In such places there should be an adequate 
overlapping of the protective material. Holes in the protective barriers for pipes, 
conduits, louvres, etc. shall be provided with baffles so that the protection is not 
impaired. 

(24) The final plans of an installation should indicate the type of material and 
the dimensions of all protective barriers. The positions of all windows, doors, pipes 
and louvres shall be indicated in so far as they affect the protection requirements. 
Such plans should have the approval of the appropriate protection organization or 
a qualified expert. 


D. SURVEY AND MONITORING OF INSTALLATIONS USING 
X-RAYS AND SEALED GAMMA-RAY SOURCES 


(25) Routine operation of any installation using X-rays or sealed gamma-ray 
sources shall be deferred until a radiation survey has been made and the installation 
found to comply with the recommendations. The survey shall be made by the 
appropriate protection organization or a qualified expert. A reappraisal of the 
protection shall be made after every change in an existing installation. Change 
should here be construed to mean any change that is likely to increase the radiation 
hazards such as an increase in the work-load, the use factor or the quantum energy 
of the radiation, or an alteration of the protection of a barrier. The installation 
should be re-surveyed periodically in order to check that satisfactory conditions still 
obtain both inside and outside the controlled area. 


General Examinations 


. (26) The completed installation should be compared with plans and specifica- 
tions previously approved. 
(27) If the protection depends on mechanical or electrical restrictions on the 
orientation of the useful beam, the survey shall include an inspection to see if these 
restrictions are actually imposed. 
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(28) All interlocks, warning signals and protective devices such as gloves and 
aprons, shall be inspected to ensure that they are satisfactory. 

(29) ‘The surveyor should study the proposed methods of operation of the 
equipment and if necessary recommend modifications to minimize radiation hazards. 
In this connection a study should be made of the personnel monitoring technique. 


Area Dose Rate Measurements 


(30) In carrying out a radiation survey, it is often useful to make a preliminary 
investigation by means of a suitable Geiger—Miiller, scintillation or ionization 
instrument. Films or fluorescent screens may be used to localize small defects in 
the shielding. 

(31) Whenever defects are found in the shielding, they shall be eliminated 
before the installation is put into routine use. 

(32) For the final measurements, ionization chambers or other suitable equip- 
ment which have a low variation in sensitivity with dose-rate, quality and direction 
of the radiation should be used. 

(33) When required, measurements shall be made outside the controlled area to 
verify that persons other than the radiation workers are unlikely to receive more 
than the appropriate maximum permissible dose after allowing for work-load, use 
factor, occupancy factors and the attenuation afforded by objects in the useful beam. 


Report on a Radiation Survey 


(34) The results of a survey should be submitted in a formal written report. 

(35) The report should include any recommendations required for the modifica- 
tion of the protection, for limitations in operating procedures and for the posting of 
signs indicating such limitations. 


E. RECOMMENDATIONS ON EQUIPMENT AND 
OPERATING CONDITIONS 


X-ray Medical Diagnostic Installations 


General Requirements 


(36) A diagnostic-type protective tube housing shall be used. 

(37) Apertures, cones or shutters which serve to limit the useful beam should 
afford the same protection as the tube housing. 

(38) The permanent total filter should be determined by the highest voltage of 
the X-ray apparatus. Equipment with a maximum operating potential above 
70 kV should have a permanent total filter equivalent to at least 2 mm aluminium. 
Equipment with a lower maximum operating potential should have a permanent 
total filter equivalent to at least 1.5 mm aluminium. 

(39) A dead-man type of exposure switch should be used where practicable. 

(40) The dose-rate outside an X-ray high-tension generator containing rectifying 
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valves shall not exceed 20 mr in | hour at 5 cm from the surface and 2 mr in 1 hour 
at any readily accessible place in occupied space within a controlled area. Should 
the generator be situated outside the controlled area, it may be necessary to reduce 
these dose-rates. See also paragraph (22). 

(41) Persons who regularly work in the radiological department should not hold 
patients during diagnostic examinations. If necessary, children should be held by 
their parents or by the persons accompanying them. Such persons should be pro- 
tected, particularly with respect to the gonads and the hands. Motion restricting 
devices should be used as much as possible and cassettes shall never be held by hand 
during an exposure. 

(42) The dose to the patient, especially the integral and gonad dose should be 
restricted as much as possible consistent with the clinical requirements: see para- 
graphs (165) to (177). 

(43) No persons shall occupy the X-ray room unnecessarily during irradiation. 


Fluoroscopy 


(44) ‘Tube, aperture and fluorescent screen should be arranged together in such 
a manner that, under normal conditions of use, the useful beam cannot fall outside 
the screen. 

(45) The fluorescent screen shall be covered with a protective glass sheet having 
a lead equivalent of at least 1.5 mm for 100 kV. From 100 to 150 kV an additional 
lead equivalent of 0.01 mm per kilovolt is required. In arriving at these values the 
Committee has taken into account the attenuation provided by the patient. 

(46) A switch for controlling the X-ray beam should be provided at the fluoro- 
scopic position. 

(47) A manually reset cumulative timing device should be provided which will 
either indicate the total time of irradiation or terminate irradiation when the total 
time exceeds a previously determined limit. 

(48) The focus-skin distance should not be less than 45 cm (18 in.) and shall not 
be less than 30 cm (12 in.). 

(49) All couches and stands for fluoroscopy should be provided with an adequate 
arrangement for protecting the operator and the assistants against scattered radia- 
tion, particularly from the patient and the underside of the table top. This may 
take the form of an ‘“‘apron”’ which should be not less than 45 cm (18 in.) wide and 
45cm (18in.) long and should be made of protective material having a lead 
equivalent of not less than 0.5 mm. It should be attached to the lower edge of the 
screen holder when the latter is vertical and to the side when the screen is horizontal. 
A separate protective apron or fixed shield may be attached to the side rail of the 
couch for use when the screen is horizontal. The apron may consist of several 
overlapping parts to facilitate palpation. 

(50) Image intensifiers should afford protection at least equivalent to 1.5 mm 
lead for 100 kV. From 100 to 150 kV an additional] lead equivalent of 0.01 mm per 
kilovolt is required. 

(51) The so-called “hand fluoroscope”’ shall not be used. 

(52) Notwithstanding that the X-ray equipment conforms in every respect to the 
requirements of these recommendations, it is usually necessary during fluoroscopy, 
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to wear protective aprons or coats in order that the maximum permissible doses are 
not exceeded. In all normal fluoroscopic work the lead equivalent of protective 
clothing should not be less than 0.25 mm. 

(53) Protective gloves having a lead equivalent of not less than 0.25 mm should 
be worn during each fluoroscopic examination. These should cover the whole hand, 
including back, palm, fingers and wrist. 

(54) Before a fluoroscopic examination is begun the eyes must be sufficiently 
dark-adapted. In order to work with the lowest possible dose-rate, the adaptation 
period should be at least ten minutes. 


Radiography with Fixed Equipment 

(55) The X-ray exposure should be controllable from the control panel only, 
except in the case of special techniques when it is necessary to control the exposure 
from the couch or stand. In such special techniques it may be necessary for the 
personnel to wear protective clothing as specified in paragraphs (52) and (53). 

(56) The patient shall be observable from the control panel. 

(57) The provision of a light-beam localizer for indicating the cross-section of 
the useful beam is recommended. 

(58) During an exposure, the operator should be adequately protected. This 
may be achieved where necessary either by providing a shield within the X-ray 
room or by placing the control panel outside the X-ray room behind an adequately 
protected wall. 

(59) The simultaneous examination of more than one patient in the same room 
involves unnecessary hazards for both personnel and patients and is not 
recommended. 


Mobile Equipment 


(60) All mobile equipment shall be provided with collimating cones or col- 
limating diaphragms and spacer frames, to ensure that the focus-skin distance is not 
less than 30cm (12 in.) and that the useful beam is limited to the minimum size 
required for the examination. 

(61) The use of a light-beam localizing device is recommended. 

(62) The minimum distance of the operator from the tube and patient should 
be 1.5m. The operator shall not stand in the useful beam and shall make certain 
that it does not irradiate other persons who may be in the vicinity. 

(63) Fluoroscopy should not be used unless the requirements of paragraphs (44) 

to (54) are satisfied. 


Photo-Fluorography (Mass Radiography) 


(64) A collimator shall restrict the useful beam to the area of the fluorescent 
screen and the beam should also be limited to the minimum consistent with the 
clinical requirements. The use of a light-beam localizer is recommended for this 
purpose. 

(65) The equipment shall be so arranged and shielded that all personnel 
associated with the procedure are adequately protected during routine use without 
the necessity for protective clothing. 
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(66) In order to minimize the population dose, consideration shall be given to 
the protection of persons awaiting examination. 

(67) The use of high-speed optical systems, which enable the dose to the patient 
to be reduced, is recommended. 


Dental Radiography 


(68) Localizing cones shall be employed with all dental equipment. Such cones 
shall provide the maximum practicable focus-skin distance and the minimum 
practicable field size. 

(69) A timer shall be provided to terminate the exposure after a preset time. 

(70) Installations operating up to 70 kV should be so arranged that the operator 
can remain at least one metre (70 kV and over—at least 1.5 m) from the tube and 
patient. Even under these conditions, for more than 30 mA-min per week, protective 
screens having a lead equivalent of not less than 0.5 mm should be used. 

(71) Consideration should be given to the provision of structural shielding in 
order to protect persons in adjacent areas. This is particularly necessary when more 
than one dental unit is located in close proximity. 

(72) Whenever possible, the film should be fixed in position; otherwise it should 
be held by the patient or, exceptionally, by a person who is not occupationally 
exposed to radiation. It should never be held by the dentist or his staff, who should 
under no circumstances be exposed to the useful beam. 

(73) ‘The tube housing should not be held by hand during exposure. 

(74) Fluoroscopy with dental equipment is dangerous and shall not be used. 


X-ray Therapeutic Installations 


General Requirements 


(75) A therapeutic-type protective tube housing shall be used. 

(76) Permanent diaphragms or cones used for collimating the useful beam shall 
afford the same degree of protection as the tube housing. Adjustable or removable 
beam defining diaphragms or cones shall be constructed so as to reduce the integral 
dose to the patient as much as practicable. In no case shall they transmit more 
than 5 per cent of the useful beam. 

(77) Each accessible filter shall be marked with its thickness and material. A 
filter indication system should be used which permits easy recognition, from the 
control panel, of the filtration. 

(78) Unless it is possible rapidly to bring the X-ray output to the prescribed 
value, the tube housing shall be fitted with a shutter, electrically operated from the 
control panel and of lead equivalent not less than that of the tube housing. The 
position of the shutter shall be indicated at the control panel. 

(79) The equipment shall be provided with an automatic timer to terminate the 
treatment after a pre-set time. 

(80) A transmission monitoring chamber in the useful beam is recommended for 
observing the constancy of the radiation. 

(81) Means shall be provided for observing the patient and should be provided 
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for oral communication with the patient from the control panel during the treat- 
ment. 

(82) For installations operating above 100 kV, interlocks shall be provided so 
that when any door to the treatment room is opened the equipment will shut off 
automatically or the radiation level within the room will be reduced to an average 
of not more than 2 mr/h and a maximum of 10 mr/h at a focal distance of 1 metre 
and not more than 10 times these values at a distance of 5 cm from the surface of the 
tube housing. After such a shut-off it shall be possible to restore the machine to 
full operation only from the control panel. For such installations, only the patient 
shall be in the treatment room during irradiation. 


Special Requirements for Superficial Therapy 


(83) Installations for superficial therapy shall comply with the general require- 
ments of paragraphs (75) to (82), except that the operator and other persons may 
be permitted in the treatment room during irradiation providing they are adequately 
protected. Interlocks are not normally required at 100 kV or below.- Structural 
shielding may not be required below 50 kV. Where short treatment distances are 
used and the operating potential is 50 kV or less, the use by the operator of protective 
clothing as specified in paragraphs (52) and (53) is generally adequate. 

(84) An audible or visible signal shall indicate that the tube is in operation. 

(85) Only tubes which are intended to be used at 50 kV or less may be held by 
hand during treatment and this procedure shall only be used when clinically 
necessary. Such tubes shall be so protected that the permissible doses to the hand 
and other parts of the body are not exceeded. If the weekly exposure time exceeds 
20 minutes the tube housing shall be provided with a hand shield for protection 
against scattered radiation from the patient. Protective gloves and coats or aprons 
as specified in paragraphs (52) and (53) shall be worn during this work. 

(86) When the inherent filtration is low and the focus—window distance is short, 
special precautions shall be taken to avoid accidental exposure to the useful beam, 
brief exposure to which may cause serious injury. 


X-ray Installations for Non-Medical Radiography and Fluoroscopy 


General Requirements 


(87) All areas in which radiation hazards may arise shall be identified by an 
appropriate and easily recognizable warning sign. 

(88) Audible or visible signals shall be provided in the vicinity of installations, 
to provide warning before and during irradiation. 

(89) X-ray tubes shall be provided with protective housings appropriate to the 
nature of the work, so as to afford adequate protection to personnel. Under normal 
circumstances, the tube housing should conform at least to the requirements for a 
therapeutic-type protective tube housing. 


Non-Medical Radiography 


(90) Whenever practicable, non-medical radiography should be carried out in 
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enclosed installations conforming to the requirements of paragraphs (91) to (94). 
Otherwise the requirements of paragraphs (95) to (97) for openinstallationsshallapply. 


Enclosed Installations 
(91) An enclosed installation is one in which the radiation source and all objects 
exposed thereto are within a permanent enclosure 
(1) to which no person has access or within which no person is permitted 
to remain during the irradiation, and 
(2) which affords, under all practical operating conditions, adequate 
protection for all persons outside the enclosure. 
(92) Effective interlocks shall be provided to prevent any person entering a 
radiation room during irradiation. 
(93) Suitable means of exit shall be provided, so that any person who may be 
shut in by accident can leave the enclosure without delay. 
(94) Effective means, which cannot be reset from outside, shall be provided 
within the enclosure for preventing or quickly interrupting the irradiation. 


Open Installations 
(95) In an open installation the radiation source and all objects exposed thereto 
shall be confined within an area designated as a high radiation area 
(1) to which only authorized persons have access, but in which they may 
not remain during irradiation, and 
(2) outside which, under all practical operating conditions, adequate 
protection is afforded to all persons. 
(96) Such installations shall, as far as is practicable, be isolated from all occupied 
areas. 
(97) Positive steps should be taken to prevent the access of unauthorized persons 
to these installations. 


Non-Medical Fluoroscopy 

(98) Fluoroscopic equipment shall be installed in enclosures providing adequate 
protection to all persons and fitted with interlocks so as to prevent access to the 
interior of the enclosure during irradiation. 

(99) Wherever practicable, fluoroscopic screens should be viewed indirectly, 
either by the use of inclined mirrors, or remotely, for example, by television tech- 
niques. 

(100) Care shall be taken to ensure adequate protection for all persons associated 
with fluoroscopic procedures, for example those who load articles for examination 
on to moving belts. 

(101) When it is necessary to manipulate or mark objects under examination, 
provision shall be made for this to be done while still maintaining adequate protection. 

(102) The so-called “hand fluoroscope” shall not be used. 


Installations for X-ray Analysis 


(103) Whenever appropriate, the recommendations of paragraphs (87) to (102) 
should be put into effect. The equipment should be made as foolproof as possible. 
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(104) Equipment shall be subjected to periodical site monitoring. Normal 
dose-measuring equipment may have an inadequate response to low-energy radiation 
and, in addition, may give misleading readings unless exposed to uniform radiation 
fields. Such equipment may, therefore, not detect leaks of small cross section. 
Defects in the shielding may best be detected by means of fluorescent screens or 
films or by types of radiation detector having small apertures. 

(105) Adequate periodical medical examinations shall be carried out, particular 
attention being paid to the eyes and to the skin of the hands and the face. On 
account of the nature of the radiation hazards, reliance should not be placed on 
blood counts and personnel monitoring which may give rise to a false sense of 
security. 

(106) The leakage radiation at any accessible point at a distance of 5 cm from 
the surface of the tube housing shall not exceed 25 mr in | hour at every specified 
tube rating. 

(107) Each port of the tube housing shall be provided with a beam shutter so 
arranged that it can be open only when the collimating system is in place. 

(108) The X-ray camera or other recording equipment shall be provided with 
a protective screen which absorbs the useful beam behind the specimen under 
examination. 

(109) Installations which, despite compliance with paragraphs (106) to (108) 
do not provide adequate overall protection, shall be placed in a separate room in 
which only authorized persons are permitted during irradiation. 

(110) Special precautions shall be taken to avoid exposure to the useful beam. 
Owing to the low inherent filtration and the short focal distance, the dose-rate is so 
high that permanent skin injuries may be caused by a few seconds’ irradiation. 

(111) When X-ray analysis equipment is used for research purposes the non- 
routine nature of the work greatly enhances the possibility of radiation injuries. It 
is therefore essential that the personnel should be aware of the hazards and how to 
guard against them. 


Miscellaneous Non-Medical Uses of X-rays 


Irradiation of Materials, X-ray Microscopy, etc. 


(112) In all such miscellaneous applications of X-ray beams, the same general 
principles of protection as given above should be applied. Particular recommenda- 
tions given in paragraphs (87) to (111) should be observed whenever appropriate. 


Shoe-Fitting Fluoroscopes 
(113) The exposure of human beings to X-rays associated with shoefitting should 
be limited to strictly necessary medical procedures. 


Non-Medical Exposure of Human Beings 


(114) The non-medical exposure of human beings to X-rays, such as in “anti- 
crime’”’ fluoroscopy, should be avoided. If, in exceptional circumstances, such an 
examination appears to be essential it shall be carried out under medical supervision. 
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X-radiation Emitted as an Unwanted By-Product 


General Requirements 


(115) All equipment in which electrons are accelerated to an energy in excess 
of 5 keV shall be regarded as a potential source of ionizing radiations. 

(116) Such equipment, e.g. electron microscopes, cathode-ray tubes, high- 
voltage electronic rectifiers, transmitting valves, television and image tubes 
shall be so constructed, installed and operated, as to provide adequate 
protection. 

(117) Whenever practicable, such items of equipment shall be shielded and 
provided with interlocks so as to ensure that the places where they are used can be 
regarded as being outside “‘controlled areas” thus avoiding the need for monitoring 
procedures and special medical examinations. — 

(118) Particular attention is drawn to the hazards which may arise during the 
manufacture, testing and repair of all such equipment. 


Television Sets 


(119) The dose-rate at any readily accessible point 5 cm from the surface of any 
set used in the home or place where the public is likely to be in close proximity shall 
not exceed 0.5 mr/h under normal operating conditions, 

(120) All other television equipment such as those used for projection purposes 
or in closed-circuit applications shall be shielded and operated in accordance with 
paragraphs (116) and (117). 


Sealed Beta- and Gamma-ray Sources for Medical 
and Non-Medical Use 


General Requirements 


(121) All beta- and gamma-ray sources considered in this report shall meet the 
requirements for sealed sources (see paragraph (14)). 

(122) Every source shall be identifiable and, where practicable, information 
regarding the nature and activity of the nuclide and the date of manufacture should 
be marked on the source. 

(123) Adequate records shall be maintained of all sources and their movements 
to minimize the possibility of loss and the resulting hazards. Loss or suspected loss 
shall be reported immediately to the radiation protection officer. 

(124) Unauthorized access to sources shall be prevented. 

(125) Attention should be given to the radiation hazards that may arise in the 
event of fire. 

(126) Tests for contamination or leakage shall be carried out initially and 
periodically. Defective sources should be hermetically sealed in outer containers 
and should not be used again until satisfactorily repaired. 

(127) Where sources are liable, if defective, to release radioactive gas, the place 
of storage should be effectively ventilated before it is opened. 
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Beta-ray Sources 


(128) Beta-ray sources not permanently fixed in position shall be adequately 
protected during storage and transport. 

(129) Where required, shields and baffles shall be provided, to ensure adequate 
protection. All source manipulations shall be done by remote means. 

(130) It should be recognized that all beta-ray sources, whether designed for it 
or not, will emit bremsstrahlung. Other types of penetrating radiation such as 
gamma-rays, characteristic X-rays and annihilation radiation may also be emitted. 
The associated hazards should be evaluated and the necessary precautions taken, 

(131) Sources intended for the utilization of the beta-rays outside the container 
require a thin window. This window and its mounting should be so constructed as 
to minimize the possibility of the escape of radioactive material. When not in use 
the window should be covered by a shield of sufficient thickness to stop all the beta 
radiation. The thicknesses of different materials required for this purpose are given 
in the Appendix. This shield should preferably be of metal of low atomic number 
to minimize bremsstrahlung production. Shields of metal are recommended as they 
are less susceptible to radiation damage than, for example, plastics. If necessary an 
outer shield of high atomic number should be provided to attenuate the bremsstrah- 
lung. The source should not be subjected to rough and unnecessary handling and 
should not be exposed to the action of abrasive or corrosive materials. In cleaning 
the window care should be taken to prevent its damage and to minimize irradiation 
. of personnel. 

(132) Sources utilizing the beta radiation within the container, such as luminous 
markers, nuclear batteries and bremsstrahlung sources, should be provided with 
containers sufficiently thick to stop substantially all the beta radiation. 


Gamma-ray Sources for Medical Use 


(133) Where the gamma-rays only are to be used, the enclosure for the radio- 
active material shall, whenever practicable, be sufficiently thick to absorb sub- 
stantially all the beta-rays. 


Therapy with Non-Collimated Sources 

(134) When neither in use nor in transit, sources and applicators incorporating 
sources shall be kept in a protective enclosure of such material and wall thickness 
as may be necessary to ensure that no person is subjected to more than the appro- 
priate maximum permissible dose. Data are given in the Appendix regarding the 
shielding requirements for gamma-ray sources. 

(135) The’ protective enclosure should be constructed in such a way as to 
minimize as much as possible the exposure of personnel in the handling of the sources. 
Important factors to consider are the distribution of the sources, the shielding of 
sub-divided amounts and the time required by personnel to remove sources from 
the enclosure and return them to it. 

(136) Sources shall be transported within the establishment in such a manner 
that all individuals are adequately protected. Account should be taken of the 
actual transport time but allowance must be made for other possible exposure to 
radiation. Subject to the foregoing, where the total activity of the sources in a 
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container is low, it may be transported by hand provided it has a sufficiently long 
handle. Loaded receptacles used for the transport of sources shall be distinguished 
by suitable markings and should either be under surveillance or be inaccessible to 
unauthorized persons. 

(137) A separate room or designated space should be provided for the prepara- 
tion of sources and applicators. During such preparation only those persons engaged 
in this work should be allowed in these areas. 

(138) The preparation, sterilization and dismantling of applicators and sources, 
involves manipulation with incomplete shielding. It is necessary, therefore, to use 
proper tools to ensure the minimum irradiation of the body. These tools should be 
constructed so as to provide the optimum relation between distance and time. 
Dummy capsules, clearly identified as such, should be used until a high degree of 
skill has been achieved. 

(139) Tables used for manipulating sources shall be provided with protection 
for the operator and for other persons associated with the work. An L-shaped 
block of lead or of other heavy material may be used to reduce the irradiation of the 
body and legs of the operator, but safeguards are still necessary to prevent over- 
exposure of the hands, arms and face. 

(140) During the application of sources to patients, distance and speed are the 
most important factors in minimizing radiation hazards. Appropriate instruments 
and implant devices should be used. 

(141) Both ambulatory and bed patients should be segregated into wards or 
rooms where properly trained personnel is available. The bed, cubicle, or room 
should be suitably identified during irradiation. 

(142) Patients with removable sources in or upon their bodies should not be 
permitted to leave the hospital or clinic. 

(143) Consideration should be given to the protection of other patients and staff. 


Beam Therapy (Teletherapy) 

(144) The appropriate type of teletherapy protective source housing shall be 
used (see paragraph (14)). 

(145) The use of source capsules of standard design is recommended. 

(146) The beam control mechanism shall be constructed so that it is capable of 
acting in any orientation of the housing. In addition to an automatic closing device 
the apparatus should be so constructed that it can be turned off manually with a 
minimum risk of exposure. 

(147) The closing device shall be so constructed as to return automatically to 
the “orr’’ position both at the end of an exposure and in case of any breakdown 
or interruption of the activating force, and shall stay in the “orr’” position when the 
force is restored until operated from the control panel. 

(148) The beam control mechanism shall be provided with a timer that 
automatically terminates the exposure after a pre-set time. 

(149) Warning devices that plainly indicate whether the apparatus is “on” or 
“orr” shall be provided at the source housing, on the control panel, and at the 
entrance to the radiation room. 

(150) Only the patient should be allowed in the treatment room during the 
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irradiation. At all other times the treatment room should be occupied only for 
necessary purposes associated with the operation and maintenance of the installation. 
(151) Interlocks shall be provided so that when any door to the treatment room 
is opened, the beam control mechanism will return to the “orF” position. 
(152) Means shall be provided for observing the patient and should be provided 
for oral communication with the patient from the control panel during the treat- 
ment. 


Gamma-ray Sources for Non-Medical Use 


(153) All areas in which radiation hazards may arise shall be identified by an 
appropriate and easily recognizable warning sign. 

(154) All the appropriate provisions of paragraphs (133) to (152) shall be 
applied. 


Gamma-ray Radiography 

(155) Whenever practicable, an industrial protective source housing shall be 
used. 

(156) Remote means shall be used for bringing the source into operation. 

(157) The radiographic set-up shall be completed before the sealed source is 
brought into the irradiation position. 

(158) In radiography that requires the removal of the sealed source from its 
housing, a clearly identifiable dummy capsule should be used during any preliminary 
adjustments that may be necessary. 

(159) Extreme care shall be exercised at all times to avoid mislaying the source. 
This is particularly important in the case of open installations (see paragraphs (95) 
to (97)) where the source may consequently get into the possession of an unsuspecting 
person. 

(160) As far as practicable, gamma-ray radiography should be carried out in 
enclosed installations (see paragraphs (91) to (94)). Otherwise, open installations 
(conforming to paragraphs (95) to (97)) shall be used. 

(161) In the use of an open installation, members of the radiation staff may, 
whilst ensuring adequate protection for themselves, enter or remain in the high 
radiation area for the minimum time necessary to make essential adjustments to the 
apparatus. Before such adjustments the irradiation involved should be estimated, 
if necessary by trial runs with a dummy capsule. 


Miscellaneous Uses : 

(162) ‘These uses include sources of comparatively low activity for thickness 
gauges and of high activity for irradiation purposes. 

(163) In the case of thickness gauges and similar applications of sources of low 
activity, the installation should preferably be so shielded or situated that all the 
workers routinely associated with it can be regarded as being outside ‘‘controlled”’ 
areas thus avoiding the need for monitoring procedures and special medical 
examinations. 

(164) Sources of high activity should be installed in permanent installations of 
the enclosed type. 
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F, PROTECTION OF THE PATIENT 


(165) The exposure of the patient shall be reduced to the lowest value that is 
compatible with successful diagnosis or therapy. In all diagnostic and therapeutic 
irradiations, every effort shall be made to keep the gonad, skin and integral doses as 
low as possible consistent with clinical requirements, and advantage should be taken 
of any improvements in techniques which would reduce the exposure. In this 
respect attention is drawn to Section E, especially paragraphs (36) to (81), and 
(133) to (152). 

(166) Scattered radiation from the collimator and filter assemblies should be 
minimized. 

(167) Manually reset cumulative timing devices should be used in all fluoro- 
scopic examinations. 

(168) The fastest film or film-intensifying screen combination consistent with 
the desired radiographic objectives should be used. The photographic processing 
technique should be chosen accordingly. 

(169) Highly sensitive fluorescent screens should be used. 

(170) Image intensifiers should be used to reduce the dose received by the 
patient rather than to permit more extensive and prolonged fluoroscopy than other- 
wise or to eliminate the need for the dark adaptation of the operator. 

(171) Consideration should be given to using high-voltage techniques in 
diagnostic radiology when the gonads are in the useful beam, to increasing the 
focus-film distance, to limiting the use of stationary and movable grids and to 
introducing improved techniques where appropriate, for example, simultaneous 
multi-section tomography. 

(172) The cross section of the useful beam should be limited to the minimum 
dimensions necessary. 

(173) Whenever possible the patient should be positioned so as to exclude the 
gonads from the useful beam and to minimize the stray radiation received by them. 

(174) The gonads should be protected when practicable by means of local 
shielding. 

(175) Contact radiography is dangerous and should be avoided whenever 
possible. 

(176) Special precautions should be taken in the irradiation of children and 
pregnant women. 

(177) Consideration should be given to the protection of patients awaiting 
examination. 
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APPENDIX 


APPENDIX 


THE FOLLOWING Appendix contains tables and graphs for the computation of 
adequate protection. For the purpose of protection computations within the scope 
of this Report, the organ or tissue dose in rads (or rems) is assumed to be numerically 
equal to the exposure dose in réntgens measured in air. 

Tables I and II are for use as a guide in planning shielding where adequate 
occupancy and use factor data are not available. It should be noted, that the use 
factor may differ considerably from the tabulated values in the case of rotation 
therapy. 


Tas ie I. OccupANcy FACTORS 


Full Occupancy (7 = 1) Control space, offices, corridors and waiting 
space large enough to hold desks, darkrooms, 
workrooms and shops, nurse stations, rest and 
lounge rooms routinely used by occupa- 
tionally exposed personnel, living quarters, 
children’s play areas, occupied space in 
adjoining buildings. 

Partial Occupancy (T = }) Corridors too narrow for desks, utility rooms, 
rest and lounge rooms not used routinely by 
occupationally exposed personnel, wards 
and patients’ rooms, elevators using opera- 
tors, unattended parking lots. 

Occasional Occupancy (T = 7g) Closets too small for future occupancy, 
toilets not used routinely by occupationally 
exposed personnel, stairways, automatic 
elevators, sidewalks, streets. 


Taste IJ. Usrt racrors 


Full Use (U = 1) Floors of radiation rooms except dental 
installations, doors, wall and ceiling areas 
of radiation rooms routinely exposed to the 
useful beam. 

Partial Use (U = 4) Doors and wall areas of radiation rooms not 
routinely exposed to the useful beam, floors 
of dental installations. 

Occasional Use (U = 7g) Ceiling areas of radiation rooms not routinely 
exposed to the useful beam. 


All X-ray attenuation curves presented give the exposure dose-rate behind the 
protective barrier, related to a given source, rather than the relative transmission. 
The latter is not always known with sufficient accuracy since the dose-rate without 
attenuation may depend critically on factors such as the inherent filtration. In each 
case the curves represent broad beam conditions. 

All gamma-ray attenuation curves indicate the relative transmission of the 
barrier for different barrier thicknesses. 

21 
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The protection requirements can be calculated from the data on work load, use 
factor, occupancy factor, the attenuation factor and the permissible radiation 
exposure. 

In the design of shielding requirements for X- and gamma-ray installations the 
permissible exposure, P, for design purposes is used. In controlled areas P equals 
0.1 r per week (see paragraph (48), ICRP Publication 1).* Outside controlled 
areas where an annual dose of 1.5 rem is recommended for members of special groups 
B(a) and B(b), P is assumed to be 0.03 r per week. For members of special group 
B(c) and for individuals in the population at large, for whom an annual dose of 
0.5 rem is recommended, P is assumed to be 0.01 r per week.t 


Primary Protective Barrier for X- and Gamma-rays 
The allowable transmission, B, of a protective barrier is given by 
P-@ 

~ WUT () 
where d is the distance in metres from the source to the position in occupied space, 
W is the weekly work load (in r per week at 1 metre for gamma-ray sources and in 
mA : min per week for X-ray sources). TJ'is the occupancy factor (Table I) and U 
is the use factor (Table II). For gamma-ray sources B is the fractional transmission 
and for X-ray sources it has the unit of r per mA: min at | metre. 

With the value of B computed from equation (1) and the use of the pertinent 
attenuation curve (Figs. 6-15) the thickness of the primary protective barrier may 
be determined. Some primary protective barrier requirements for X-rays are given 
in Table IV and for gamma-rays in Tables VI and VII, for different values of WUT. 

If the barrier is to be of the composition given in Table VIII, the thickness of 
lead is first computed as above and the thickness of the barrier is estimated from this 
table. However, this thickness may only be approximate because the data in this 
table were obtained under narrow beam conditions. 


Barrier for Leakage Radiation 


The permissible leakage radiation, Z (in r per hour at | metre), is given in the 
body of this Report for the various source and tube housings. For special applications 
this value may be obtained from the manufacturer or from the specification of the 
housing. For gamma-ray installations the leakage radiation with the beam control 
mechanism in the ‘‘on”’ position is used. 

The allowable barrier transmission, B,;, which reduces the weekly leakage 
radiation to P is given by 


Pd? 
Fa eae oar | (2) 
where ¢ is the hours per week that the beam is ‘fon’. For X-ray installations 
Ww 
’= 60-1 8) 


* Page 73 of this publication. 
{ It should be noted that unprocessed photographic emulsions may be damaged by exposure to 
as little as 1 mr. 
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where J is the maximum rated continuous current in mA under conditions of 
maximum leakage. 

As the leakage radiation has been hardened in passing through the housing the 
attenuation by the barrier will be similar to that at the high filtration end of the 
pertinent attenuation curve. The HVL or TVL for the high filtration end of the 
curve is given in Tables IV, VI and VII. The number of HVL’s, N, corresponding 
to the value of B, computed from equation (2), may be obtained from Fig. 1. The 
barrier thickness for leakage radiation is then equal to 


N- (HVL) (4) 


Transmission 


[e) 2 4 6 8 10 
Half value layers 


Fic. 1. The relation between transmission and 
number of half-value layers. 


Barrier for Scattered Radiation 


Radiation scattered from an irradiated object has a lower dose-rate and is 
usually softer than the incident beam. If the scatterer is located 1 metre from the 
source and in the useful beam 

D P-@ 
Pe 
s D WwW ‘ 4 i (5) 


u 


where B, is the allowable transmission of the scattered radiation through the barrier, 
D, is the unattenuated dose in the scattered beam at 1 metre from the scatterer, 
D,, is the dose incident on the scatterer and d is the distance in metres from the 
scatterer to the position in occupied space. If the scatterer is located 50 cm from the 


source 


D, = P-@ 
08D, 4 We 6) 
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For X-ray sources and an angle of 90° between the useful and scattered beam 
D,/D,, 1s usually less than 0.001 and as an approximation this value may therefore 
be used. 

For X-rays of up to 500 kV the useful beam attenuation curve may be used and 
for X-rays above 500 kV the 500 kV curve may be used (Braestrup and Wyckoff, 
1958). 

For X-rays of 500 kV or less equation (6) becomes 


250+ P-d? 


(Bs) 500 = a 2 oe (7) 
For X-rays of 1000 kV 
12-P-d 
(Bs) 1000 = “W-T (8) 
For X-rays of 2000 kV 
P-@ 
(B;)e000 = WT (9) 
For X-rays of 3000 kV 
0.2-P-d? 
(Bs) 3000 = Wir (10) 


Figures 16-19 give the transmission of gamma-rays from Co® and Cs'*? scattered 
from a patient or a masonite phantom in the primary beam. 


Secondary Protective Barrier 


The rules given above for scattered radiation and for leakage radiation may be 
used to compute the secondary-protective-barrier thickness for each of the two 
separate effects. If the barrier thicknesses so computed separately are nearly equal 
(that is, they differ by less than 1 T'VL), then one-third TVL should be added to 
the larger barrier thickness to obtain the required total. If however one of the 
thicknesses is more than 1 TVL greater than the other, the thicker one alone is 
adequate. The larger thickness will permit transmission of the maximum permissible 
dose from one effect, plus not more than one-tenth of the maximum permissible 
dose from the other effect. This one-tenth excess can be ignored in view of the 
approximations that are involved in the computations. Some secondary protective 
barrier requirements for X-rays are given in Table V. 


Distance Protection 

In some cases distance alone will reduce the weekly dose to 100 mr. Figures 21 
and 22 give such distances. 
Protection against Electrons 

Figure 20 gives the range of electrons in various materials. 


Estimate of Patient Dose | 


Figure 23 and Tables IX and X are useful in estimating the dose received by 
the patient. Table XI gives the range of gonad doses received from different kinds 
of examination. 


